Periodontitis, evoked by the bacterial biofilm (dental plaque) that forms around teeth, progressively destroys the periodontal tissue supporting the teeth, including the periodontal ligament, cementum, alveolar bone, and gingiva.\[[@ref1]\] Ultimately, this chronic inflammatory disease can lead to loss of the affected teeth. All over the world, this disease remains highly prevalent and is considered to threaten quality of life for middle-aged and older populations as far as "oral" functions are concerned. Some success has been achieved in suppressing progression of periodontitis by mechanically removing bacterial biofilm.\[[@ref2]\]

However, removal of the cause, bacterial plaque, with conventional periodontal and/or surgical treatments can, at best, reduce pocket depth and diminish inflammation in the affected region.\[[@ref3]\] No such treatment can ever regenerate lost periodontal tissue or normal structure and functionality. Considering that the "mouth" and "teeth" have various esthetic and functional roles to play, establishing a brand new treatment that enables the regeneration and rebuilding of periodontal tissue once destroyed by periodontal disease represents a task of tremendous importance.

Historically, periodontal regeneration research has focused on the quest for a magic filler material. This search has led to the development of techniques utilizing autogenous bone, allografts, xenografts, and various manmade bone substitutes.\[[@ref4]\] These techniques revealed limited success in periodontal regeneration. Because of this, the need for a more effective regenerative approach has been developed. This technique resulted in the development of procedures that utilize biological mediators and tissue engineering techniques.\[[@ref5]\] Early experimental approaches with biological mediators consisting of growth factors and morphogens were encouraging. With the use of recombinant DNA technology, some of these growth factors and morphogens have been produced in adequate quantities for clinical application.\[[@ref6]\] With their introduction, tissue engineering, a relatively new field of reconstructive biology that utilizes mechanical, cellular, and biologic mediators to facilitate reconstruction/regeneration of a particular tissue, is being introduced to dentistry.

Bone morphogenetic proteins (BMPs) are a group of regulatory glycoproteins that are members of the transforming growth factor-beta superfamily. These molecules primarily stimulate differentiation of mesenchymal stem cells into chondroblasts and osteoblasts.\[[@ref7]\] At least seven BMPs have been isolated from bovine and human sources. In the field of periodontal regeneration, much of the research interest has focused on BMP-2 (OP-2), BMP-3 (osteogenin), and BMP-7 (OP-1).\[[@ref8]\] This review focuses on the various components of BMPs and how they may contribute to the improvement in periodontal regenerative outcomes.

Three Key Elements for Regeneration {#sec1-2}
===================================

Tissue engineering offers a new option to supplement existing treatment regimens for periodontal diseases. Realizing the potential of regenerative treatments for the periodontal structure will require integration of three key elements: inductive morphogenetic signals (morphogens), responding progenitor/stem cells, and the extracellular matrix scaffold, as shown in [Figure 1](#F1){ref-type="fig"}. To induce morphogenesis of the periodontium, these elements must be combined to facilitate a developmental cascade of pattern formation.\[[@ref5]\]

![Schematic representation of signalling molecule cells and scaffolds that are used for periodontal regeneration](JPBS-4-427-g001){#F1}

History {#sec1-3}
=======

The name BMP was given in 1965 by Urist and colleagues to the active components in demineralizing bone and bone extracts, which are capable of inducing bone formation at ectopic sites (intramuscular). Reddy and Huggins (1972) found that bone extracts induce bone formation in ectopic sites (subcutaneous).\[[@ref7]\] In 1988, the first BMPs were isolated and their cDNAs were cloned by Wozney *et al*.\[[@ref7]\]

Structure and Classification {#sec1-4}
============================

The human genome encodes 20 BMPs. BMPs are dimeric molecules critically dependent on the single intermolecular disulfide bond for biological activity. The monomeric subunit has about 120 amino acids, including seven conserved cysteine residues.\[[@ref9]\]

The BMP family can be divided into four distinct subfamilies:

1 ^st^group: BMP-2 and BMP-4

2 ^nd^group: BMP-3, BMP-3B (growth differentiating factor 10 or GDF-10)

3 ^rd^group: BMP-5, BMP-6, BMP-7, BMP-8

4 ^th^group: GDF-5, GDF-6, GDF-7 (cartilage-derived morphogenetic protein 1, 2, 3)

BMP-1 is not a member of the BMP family, but rather a procollagen C proteinase enzyme involved in the proteolytic processing of soluble procollagen, leading to the self-assembly of insoluble collagen fibers in the extracellular matrix.

Functions of BMP {#sec2-1}
----------------

It regulates various mesenchymal/osteoblastic activities like the following:\[[@ref8]\]

ChemotaxisAnchorage-dependent cell attachment (fibronectin)Cell replication (mitosis)Differentiation of osteoblastsAlkaline phosphatase activityOsteocalcin synthesis/mineralization\[[@ref10]\]

BMPs also play a critical role in tooth morphogenesis. BMPs 2, 4, and 7 are expressed in dental epithelium, and recombinant BMPs 2 and 4 can be used as a substitute for dental epithelium in inducing mesenchyme differentiation. BMP-3 and BMP-7 have been "immune" localized to developing periodontal ligament, cementum, and alveolar bone. On the other hand, BMP-2 was localized only in alveolar bone during root morphogenesis.\[[@ref8]\] A role of BMP-3 in the cementoblast lineage has been suggested by its localization in the root-lining cells.

Receptor for BMPs {#sec2-2}
-----------------

A comparison of other growth factors reveals that BMPs are (34-38%) related to the transforming growth factor beta (TGFβ) family. BMPs and TGFβ ligands have cognate BMP type I and II receptors and TGFβ type I and II receptors, respectively, which function as protein kinases\[[@ref11]\] as shown in [Figure 2](#F2){ref-type="fig"}.

![Cell surface receptors type I and II for BMPs](JPBS-4-427-g002){#F2}

Mechanism of action\[[@ref4]\] {#sec2-3}
------------------------------

The BMP type I receptor protein kinase phosphorylates intracellular signaling substances, Smads (a fusion of the *Sma* gene in *Caenorhabditis*. *elegans* and *Mad* gene in *Drosophila*) 1, 5, and 8. The TGFβ type I receptor kinase specifically phosphorylates Smads 2 and 3. The phosphorylated Smads 1, 5, and 8 (BMP-signaling Smads) and Smads 2 and 3 (TGFβ-signaling Smads) partner with Smads 4 to form signaling complexes in the cytosol that enter the nucleus to initiate the transcription of downstream targets. Although BMPs and TGFβ ligands signal via distinct receptors, they act in collaboration during bone and tooth morphogenesis.\[[@ref12]\]

Quantity of BMPs {#sec2-4}
----------------

Normally, high concentrations of BMPs are required (i.e. 100-1000 ng/ml) at the local site to produce periodontal regeneration (Yamaguchi A). Approximately 10 kg of bovine bone yields only 2 μg of BMP. It consists of complex mixture of BMPs along with various other proteins. But the recombinant BMPs produced by several cellular systems were tested for regeneration.\[[@ref13]\] The partially purified recombinant BMPs consist of 0.5-115 μg to produce cartilage formation within 7 days and bone formation within 14 days.

BMP Carrier Technologies {#sec1-5}
========================

An absorbable collagen sponge was the first BMP carrier technology to be approved by the United States Food and Drug Administration. Several candidate technologies have been screened using multiple settings to evaluate their efficacy and biocompatibility as carriers for BMPs.\[[@ref14]\] These include particulate and putty formulations of inorganic biomaterials from natural or synthetic sources based on hydroxyapatite, b-tricalcium phosphate, calcium sulfates/plaster of Paris, calcium phosphates, calcium carbonates, bioglass technologies, and organic polymers including allogeneic/xenogeneic collagen preparations, hyaluronan, poly-a-hydroxy acids, and methylmethacrylate. These technologies have been used alone or in combinations also including autogenous bone and fibrin.\[[@ref14]\]

BMP in Periodontal Regeneration {#sec1-6}
===============================

In the field of periodontal regeneration, much of the research interest has focused on BMP-2 (OP-2), BMP-3 (osteogenin), and BMP-7 (OP-1). The first human study using a BMP to promote periodontal regeneration utilized a single application of BMP-3 (osteogenin) combined with demineralized bone allograft in a submerged tooth model.\[[@ref15]\] Experiments utilizing crude and recombinant BMPs′ combination with other growth factors have provided insight as to their potential use. Crude preparations of BMP-2 and BMP-3 applied in surgically induced furcation defects appeared to stimulate periodontal regeneration.\[[@ref9]\]

Recent studies have utilized recombinant human BMP to determine their potential for correcting intrabony, supra-alveolar, furcation, and fenestration defects.\[[@ref16]\] Histologic analysis revealed periodontal regeneration with areas of ankylosis. Contrary to these findings, BMP-7 augmentation resulted in a significant increase in periodontal regeneration without any ankylosis. Healing through ankylosis has been a concern, so most of the recent research utilizing recombinant human BMPs has involved in the preparation of implant site for ossteointeration.\[[@ref17]\]

BMPs also show much promise in promoting dental implant wound healing. A pilot study in non-human primates tested the single application of OP-1 around immediate extraction socket implants and found increased bone growth as measured histologically at 3 weeks.\[[@ref18]\] In a recent study, combined adenovirus mediated human BMP-2 (Adv-hBMP-2) gene-modified bone marrow stromal cells (BMSCs) with allograft enhanced the defect healing and improved the strength of implant fixation with osseointegration in 3-mm bone defect around a titanium alloy implant.\[[@ref12]\]

Bovine BMP (bBMP) tested in a dog model has shown to increase the rate of osseointegration around cylindrical uncoated endosseous implants as evidenced histomorphometrically 4 weeks after implantation.\[[@ref19]\] The tissue reactions to titanium implants coated with bBMP were further assessed by scanning electron microscopy (SEM) for 12 weeks in the same dog model.\[[@ref20]\] The results revealed abundant lamellar bone formation around bBMP-coated implants. This bone was found adjacent to the implant threads and frequently entered the implant holes.

Conclusion {#sec1-7}
==========

BMP regenerative strategies attempt to mimic normal bone regeneration. Proper isolation and delivery of BMP are needed to give significant results for periodontal regeneration. Hence, future investigations may be necessary to develop improved delivery systems, as most of the current vehicles only allow transient (few hours) exposure of periodontal tissues to the growth factors. Ongoing human clinical trials assessing this potential therapeutic use of BMPs may provide the conclusive evidence for periodontal regeneration.
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